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(57) Low noise timing belts for use in belt drive 
systems include either perforations (46, 47, 48) 
cut into their thin segments (43) or helical 
grooves cut into their thick segments in order to 
allow air pockets to escape in all directions 
during teeth engagement of belts and pulleys, ■ 
thereby reducing the noise generated in the 
process. 
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This invention relates to timing belt systems, and 
more particularly to low noise timing belts for use in 
such systems. 

Excessive no«v from coo»er/printers in working 
environments has tw*n an rntant to users from the 
advent of such macfune^unU the present day. One of 
the major cortrit4jtori to machine noise has been 
found to be Ummg engagement between 

the teeth of the be«» ano pvrfteys emit noise. As the 
air pockets between tr* \*+tt\ of the belts and the pul- 
leys are displaced p*r«ud*cj*iy a»ong the lateral direc- 
tion of motion, the &\t*z>+nc+ modulates air in the 
surrounding area* and p^titoi no««. Noise spec- 
tra of a typical timng c*»i *« %hwn ^ FJG 1 indicates 
that the acoustic erw 7 , cir^ *r*r t^o areas; (i) the 
energy at mesh rreou«rc> *ro rv* crones; and (ii) 
the energy at h»gh trm*Lmm +% ***c.i « a result of im- 
pact. The. noise lev* * p*M>jrt**v«i to a number of 
things, for example. o# th* ** pockets be- 

ing displaced and the r*» at *r*cfi th*y are displaced. 
The peaks at 630 and K; .n FIO. 1 are the 
mesh frequency and th# »\ar monct re*t>ectively. The 
energy at 2 KHz and *t*»* hOo«)d wrpact of the 
teeth of the timing ben 

Treatment of flat mu h* v«*iuc» reasons in- 
clude: 

U.S. Patent No 1. 66 1.300 cadoaes a trans- 
mission belt that allows « fim of a* thai a caught be- 
tween a moving belt and a ptrfley of a transmission 
system to escape immediately upon being trapped, 
thereby avoiding slipping and enebhng the belt to 
transmit power under leas tension. The belt consists 
of perforations (5, 8) on one s*de of the belt which con- 
nect to longitudinal grooves (4. 10) cut into the other 
side of the belt The openings free the trapped air that 
accumulates between the belt and its pulley. 

U.S. Patent No. 383.373 ts directed to a belt ap- 
paratus which prevents the a* cushioning of belting 
upon the face of a pulley The belt is perforated to pro- 
vide airspaces in the solid belting through which a lay- 
er of air may escape. 

U.S. Patent No. 4,832.672 discloses a precom- 
paction belt used in the production of particle boards 
which has predetermined perforations to allow hot air 
from a hot press to escape. In addibon. the perforated 
belt avoids further difficulties such as the adherence 
or scattering of particles by means of these holes. 

U.S. Patent No. 249.897 is directed to a belt and 
pulley apparatus consisting of holes and grooves 
along their surfaces to afford free escape of air. This 
design allows the belt and the pulley to have an in- 
creased frictional contact facilitated by the removal of 
the thin film of air that can develop between them.* 

U.S. Patent No. 1 ,028.783 discloses a motor cy- 
cle driving belt which employs several different con- 55 
figurations to allow air and rainwater to escape from 
between the driving belts and the grooved pulleys 
they interact with. The grooves and studs provide the 



belt with greater flexibility and thus, more resiliency. 

U.S. Patent No. 455,852 is directed to a belt hav- 
ing transverse channels on its face which facilitate the 
dissipation of a layer of air which is confined between 
5 a pulley and belt faces. The channels, through which 
the air is forced, are at right angles to the length of the 
belt. 

U.S. Patent No. 137,224 discloses a feed and de- 
livery apron for machines used in the preparation of 
10 fiber made of rubber and cloth upon which grooves 
and projections are formed which increase the flexi- 
bility of the belt 

Page 9 of the January 24, 1991 issue of Machine 
Design discloses a timing belt by Berg, Inc. of East 
15 Rockaway, N.Y. 11518, that lists being silent as a fea- 
ture. 

It is an object of the present invention to reduce 
the noise level of a toothed belt and pulley system. 
According to the present invention, there is pro- 
20 vided a belt drive system that includes a timing belt 
entrained around spaced apart toothed, drive and 
driven members, the timing belt comprising alternat- 
ing teeth and lands on one surface thereof, character- 
ised in that said teeth and / or said lands include 
25 grooves therein, and / or perforations therethrough, 
that allow air to escape when said timing belt teeth 
mate with teeth of the drive and driven members dur- 
ing operation of the system, thereby reducing system 
noise. 

30 It has been found at present through research 

that if the air pockets between the teeth of belts and 
pulleys are allowed to escape in all directions, the 
acoustic energy at mesh frequency, as well as the 
harmonics, will be minimized. The noise level due to 
35 impact will also be reduced. 

Accordingly, a low noise timing belt is disclosed 
that in one embodiment employs perforations cut into 
the belt in order to allow air to escape in all directions 
during impact of the belt teeth with various pulleys^ 
40 ' thereby reducing the noise generated in the process. 
In another embodiment, grooves are cut across the 
teeth of the belt in order to allow air to escape in all 
directions upon impact of the teeth of the timing belt 
with the pulley on which it is mounted and reduce 
45 noise in the process. 

A timing belt system in accordance with the inven- 
tion will now be described, by way of example! with 
reference to the accompanying drawings, in which:- 
FIG. 1 is a typical noise spectrum of a prior art 
50 timing belt r ; 

FIG. 2A shows a partial, 1 enlarged plan view of a 
timing belt in accordance with the present invention 
that includes helical grooves through the peaks of the 
belt : 

FIG. 2B is a partial enlarged eleyational view of 
the timing belt of FIG. 2A showing the profile of the : 
belt r ' - / '/ ' • ' • • 

FIG. 2C is a partial, enlarged plan view of a timing 
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belt in accordance with the present invention that in- 
cludes transverse grooves across the teeth and lands 
of the belt. 

FIG. 3 is a graph showing test results obtained by 
comparing the noise levels of the timing belt of FIG. s 
2 A against a conventional timing belt. 

FIG. 4A shows a partial, enlarged plan view of an 
alternative timing belt of the present invention that in- 
cludes perforations on the thin segments of the belt. 

FIG. 46 is a partial, enlarged elevational view of 10 
the timing belt of FIG. 4A showing the profile of the 
belt 

FIG. 4C shows a partial, enlarged plan view of an 
alternative timing belt in accordance with the present 
invention that includes random perforations of differ- 15 
ent sizes in the lands of the belt. 

FIG. 4D shows a partial, enlarged plan view of yet 
another embodiment of a timing belt in accordance 
with the present invention that includes random per- 
forations of varying sizes in both the teeth and iands 20 
of the belt. 

FIG. 4E shows a partial, enlarged plan view of an- 
other alternative embodiment of a timing belt in accor- 
dance with the present invention that has random per- 
forations in both the teeth as well as the lands of the 25 . 
belt with some of the perforations extending into both 
the teeth and lands. 

FIGS. 5 and 6 are graphs showing tests of timing 
belts with 3 mm HTD and 5 mm HTD, respectively, 
against a standard timing belt. 30 

If air in pockets between the teeth of belts and pul-, 
leys is allowed to escape in all directions, the acoustic 
energy at the mesh frequency and harmonics will be 
minimized. A preferred means of accomplishing this is 
shown in FIGS. 2Aand 2B that comprises a timing belt 35 
member 10 that includes a main belt portion 11 that 
has a series or plurality of peaks or orthogonal ridges . ; 
or teeth 13 thereon that are each followed by a land . 
or valley 12 thereof. The teeth 13 have randomly pat- 
terned, helical shaped grooves 18, cut therethrough 40 
to the land portions of the belt 11. With this helical ... . 
shaped pattern or configuration of grooves in the belt, „ 
noise is allowed to escape in all directions when the . 
teeth of the belt come into contact, with teeth of pulr 
leys. With 5 mm HTD belts, test results as depicted in 45. 
FIG. 3 show noise improvement of 6 dBA (75%). The 
spirals 18 will not weaken the belts or affect the reli- 
ability of drive systems since most timing belts include 
a high safety factor as a design parameter. The results 
of FIG. 3 were obtained with a center distance (axial . so 
distance between pulleys) of 220 mm, a tension of 
1 35N and a torque of 0.3 Nm. IN FIG. 3, the noise level 
in dBA is plotted vis-a-vis the spe.ed of a timing belt in. 
M/S. The symbol • is used to designate a convention- 
al timing belt while the symbol □ is used to designate * 55 
the test results of, the timing belt of FIG. 2A. Gropves 
of any configuration can be used to yield similar re- 
sults as long as they are transverse to the longitudinal 



dimension of the belt 

An alternative embodiment of a low noise timing 
belt is shown in FIG. 2C that comprises a belt 30 that 
has a main belt portion 31 with a plurality of teeth 35 
projecting orthogonally thereto. The teeth 35 are 
spaced a predetermined distance apart from each 
other by land portions 33. In order to minimize noise 
created by the teeth of the timing belt meshing with 
. teeth of pulleys on which the belt is mounted, a trans- 
verse, random pattern of grooves 36 are cut into the 
teeth and lands that allow air to escape in all direc- 
tions as the teeth of the belt and pulleys mesh during 
operation of a timing belt system. Grooves 36 do not 
. extend completely through the lands 33. 

An alternative embodiment of a low noise timing 
belt in accordance with the present invention is shown 
in FIGS. 4A and 4B that comprises a timing belt 20 
which has a support structure 22 that includes a plur- 
ality of teeth 24 and lands 25 that alternate with each 
other throughout the length of the belt. The land por- 
tions 25 of the belt have randomly positioned and 
spaced perforations 26 therethrough that facilitate the 
escape of air as the teeth 24 of the belt come into con- 
tact with teeth of mating pulleys and in the process, 
the noise level created by air between the teeth of the. 
pulleys and the teeth of the belts is reduced. In addb 
tion, the impact noise created by teeth engagement is 
reduced. 

Other alternative embodiments of timing belts 
that reduce noise during operation of a timing belt sys- 
tem are shown in FIGS. 4C - 4E. In FIG. 4C, timing belt 
40 comprises a support structure 41 that has land 
portions 43 separating teeth 45. A random pattern of 
circular perforations 46, 47, 48 and 49 are cut through 
lands 43 of belt 41 to promote the escape of air during 
engagement of teeth of the timing belt with teeth of 
drive and driven pulleys and thereby reduce noise that 
would ordinarily be created. A different low noise tim- 
ing belt 50 is shown in FIG. 4D that includes a belt 
support structure 51 supporting teeth 55 that are 
separated by land portions 53. Perforations 56, 57, 58 
and 59 of randomly positioned circles are cut through 
both the teeth and lands of the belt in order to reduce 
noise that would occur if air were not allowed to es- 
cape through the perforations as the teeth of the belt 
mesh with teeth of drive and driven pulleys as the tim- 
ing belt is rotated during operation of a belt drive sys- 
tem. Yet another embodiment of a low. noise timing 
belt 60 in accordance with the present invention is 
shown in FIG. 4E that comprises a belt support struc- 
ture 61 having teeth 62 thereon that are spaced apart 
by lands 63. The low noise aspect of belt 60 is ob- 
tained by the addition of randomly positioned and con- 
figured perforations 64, 65, 66, 67, 68 and 69 that al- 
low air to escape therethrough as the teeth of the tim- 
ing belt engage with teeth of pulleys of a belt drive sys- 
tem. While preferred embodiments of timing belts are 
shown in FIGS 4C - 4E as having perforations there- 
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through that are random in size, location and shape, 
it should be understood that perforations of the same 
size can be used with less effectiveness. 

As seen from the graph in FIG. 5, test results of 
the noise level of a timing belt with perforations in the 
lands thereof is plotted vis-a-vis a conventional timing 
belt without per forations in it. The timing belt tested in 
FIG. 5 with perforations is represented in the graph by 
the symbol n, while the timing belt with no perfora- 
tions in its surface is represented by the symbol O. 
The timing belt had 3 mm HTD pitch, a pulley center 
to center distance (axial to axial) of 216 mm, a tension 
of 45N and a torque of 0.3 Nm. The reduction in noise 
of the symbol " over the symbol C is about 2 dBA 
(40%). Neoprene belts were tested.but it should be 
understood that belts of any kind could be used to give 
svnitar results. 

In FIG. 6. noise level test results are shown for 
neoprene timing belts with a 5 mm HTD, pulley center 
to center distance (axial to axial) of 320mm, tension 
of 1 35N and a torque of 0.3 Nm. Results for a standard 
timing belt is snown by the symbol O, while results for 
a timing belt with perforations in it is represented by 
the symbol n. As indicated in the graph, the noise was 
reduced by the belt with perforations in it by about 5 
dBA or 70%. 

As wil be readily understood from the foregoing 
description, the low noise feature of the timing belt of 
the present invention is attained by providing grooves 
across the teeth of the timing belt or perforations in 
the belt 

The invention has been described in detail with 
particular reference to the preferred embodiment 
thereof, but it will be understood that reasonable va- 
riations and modifications are possible without de- 
parting from the scope of the invention. For example, 
the belt may include both grooves and perforations. 



in said grooves are randomly spaced with respect 
to each other. 

4. The belt drive system of daim 1 or claim 2, where- 
5 in said grooves are equally spaced with respect 

to each other. 

5. The belt drive system of claim 1 or claim 2, where- 
in said perforations (65, 66, 67, 68) are random 

10 in size, shape and location. 
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Claims 

1 . A belt drive system that includes a timing belt en- 
trained around spaced apart, toothed, drive and 
driven members, the timing belt comprising alter- 
nating teeth (13) and lands (12) on one surface 
thereof, characterised in that said teeth and / or 
said lands include grooves (18) therein, and / or 
perforations (26) therethrough, that allow air to 
escape when said timing belt teeth mate with , 
teeth of the drive and driven members during op- 
eration of the system, thereby reducing system 
noise. 

2. The belt drive system of claim 1, wherein said 
grooves ( 18) extend in helical fashion around the 
belt 

3. The belt drive system of claim 1 or claim 2. where- 
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